Abstract: Klebsiella has been considered as initiator of AS (ankylosing spondylitis) for nearly four decades. This study aimed to demonstrate that Klebsiella triggers ERS (endoplasmic reticulum stress) and HLA-B27 heavy chain misfolding. CA46 cells or splenocytes obtained from wild-type, MyD88
Introduction
 Autoimmune diseases are characterized by attacks the relevant environmental factors, infection is most extensively studied. Pathogen infection might cause disruption of the physiological barriers that prevent self-antigen recognition, resulting in the release of self-antigens from damaged cells or the induction of self-reactive immunity via a pathogen-derived peptide that mimics a self-peptide [1] . The most direct evidence indicating a correlation between microbes and autoimmunity was based on studies comparing autoimmune-prone animals housed in a SPF (specific antigen-free) environment or germ-free conditions. The autoimmune symptoms observed in SPF rodents are not observed in germ-free rodents [2, 3] . PRRs (pattern recognition receptors) expressed on/in immune cells stimulate cell activation via their ligands, PAMPs (pathogen-associated molecular patterns) or DAMPs (damage-associated molecular patterns). Most TLRs (toll-like receptors, a PRR family) induce inflammatory signaling pathways involving NF-B and AP-1 via MyD88. In addition to the antigen mimicry theory of the induction of autoreactive immunity, PAMPs function as adjuvants in the inflammatory response through the activation of innate immunity, which causes disruption of barriers and induction of cell damage. To date, many experimental autoimmune animal models involving induction by PAMPs have been developed for the study of autoimmune diseases [2, 4, 5] .
AS (ankylosing spondylitis) is characterized by chronic inflammation and bone formation in vertebral bodies and adjacent enthesis throughout the spine [6, 7] . Although AS is strongly associated with the HLA-B27 gene, only 5~10% of HLA-B27-positive individuals develop AS, indicating that other factors, including environmental factors, contribute to AS pathogenesis. Several non-HLA-B27 genes, such as ERAP1 and STAT2/3, have been implicated in the pathogenesis of AS through genome-wide screening studies [8] [9] [10] [11] [12] . In addition, a role of immune responses against bacteria, particularly KP (Klebsiella pneumoniae), in AS has been discussed for four decades [13] . At least four hypotheses have been proposed for the etiology of AS: the molecular mimicry theory, the arthritogenic peptide theory, the ERS (endoplasmic reticulum stress) and UPR (unfolded protein response) hypothesis, and immune dysregulation through non-HLA gene polymorphism [12, [14] [15] [16] .
KP is a Gram-negative enteric member of the normal flora that can cause primary liver abscess and pneumonia [17] . Although many virulence factors contribute to the pathogenesis of KP infection, the sticky CPS (capsular polysaccharide) plays the greatest role in liver abscess because of its anti-engulfment effect [18] . Since the 1970s, several studies have detected immunological cross-reactivity between antigens of Klebsiella spp. and HLA-B27 molecules. This discovery suggests that immune responses against Klebsiella contribute to the pathogenesis of AS. The molecular mimicry theory posits amino acid sequence similarities between several KP proteins, including pullulanases D and A, and self-peptides in the HLA-B27 heavy chain or in types I, III, and IV collagen [14] .
It had also been proposed that urogenital pathogens, not only focus on KP but also contribute to non-antigen-specific immune responses caused by PAMPs and/or DAMPs (damage-associated molecular patterns), and this hypothesis further explains why the inflammation sites observed in AS are primarily located in the spine and sacroiliac joints [19] .
In the present study, we elucidated the non-antigenic effect of KP on ERS and HLA-B27 misfolding.
KP CG43 was cultured in standard LB (Lysogeny broth) medium. To obtain the CPS and decapsulated bacteria, a 10-mL overnight culture of bacteria was combined with 2 mL of 3-14 Zwittergent (1% N-tetradecyl-N,N-dimethyl-3-ammonio-1-propanesulfonate (Cat. No. T-7763, Sigma, MO, USA) in citric acid buffer). After incubation at 50 °C for 20 min, the samples were centrifuged at 10,000 rpm (revolutions per minute) for 20 min at room temperature. The CPS in the supernatant fraction was precipitated by adding absolute ethanol and subsequent freezing at −20 °C for 30 min. After centrifugation at 13,000 rpm for 20 min at room temperature, the CPS pellets were washed twice with 80% ethanol and then air-dried. The decapsulated KP bacterial pellets were subsequently washed twice with 1 × sterile PBS and air-dried.
The bacterial concentration was calculated by serially diluting the original bacterial culture and smearing 0.1 mL of the diluted bacterial suspension on three LB agar plates. After overnight incubation at 37 °C overnight, the bacterial colonies were counted, and the original bacterial concentration (CFU/mL) was calculated. 
Splenocyte Preparation and Cultivation
Under sterile surgical conditions, the mouse spleens were removed and homogenized to prepare single-cell suspensions. After a hypotonic shock procedure to remove red blood cells, the splenocytes were resuspended in complete culture medium containing RPMI-1640, 10% FBS, 2 mM L-glutamine, 1 mM sodium pyruvate, 50 µM 2-mercaptoethanol and 100 U/mL penicillin/100 µg/mL streptomycin and co-cultured with the indicated doses of decapsulated bacteria, gDNA or LPS in a humidified atmosphere with 5% CO 2 at 37 C for 24 h.
Protein Gel Electrophoresis and Western Blot Analysis
For the detection of protein expression, total cell lysates were prepared, and Western blotting was performed. Briefly, cell extracts were separated via reducing SDS-PAGE (except for HLA-B27 detection) Finally, the blots were hybridized with horseradish peroxidase-conjugated goat anti-rabbit IgG or anti-mouse IgG and developed using an AEC (3-amino-9-ethylcarbazole) substrate kit or visualized using a chemiluminescent substrate reagent.
RT-PCR
RNA (ribonucleic acid) was extracted and purified from treated CA46 cells using the TRIzol reagent (Cat. No. 15596-018, Ambion, CA, USA) and chloroform, according to the manufacturer's instructions. For reverse transcription, RNA samples were mixed with dNTPs, oligo(dT), and DEPC-treated water and incubated at 65~70 C for 5 min and then on ice for 5 min. After incubation with buffer, RNasin ® (Promega) and RTase at 70 C for 15 min, the samples containing cDNA (complementary deoxyribonucleic acid) were immediately chilled on ice.
To detect the alternative splicing of XBP-1, the following PCR primer sequences were used: -actin (forward), 5'-CACTCTTCCAGCCTTCCTTCC-3'; -actin (reverse), 5'-CGGACTCGTCATACTCCTGCTT-3'; hXBP-1 (forward), 5'-AACAGAGTAGCAGCTCAGACTGC-3'; and hXBP-1 (reverse), 5'-GGTATCTCTAAGACTAGGGGCTTGGTA-3'. The PCR temperature profile was 5 min at 94 °C (initial melt); 27 cycles of 45 s at 94 °C, 45 s at 58 °C, and 80 s at 72 °C; and 10 min at 72 °C. The amplified DNA fragments were separated via 3% agarose electro-phoresis in TAE (Tris-acetate-EDTA) buffer at 50 V for 60 min.
Results and Discussion

No Endoplasmic Reticulum Stress Induced by the Capsule Polysaccharide of Klebsiella pneumoniae in CA46 Cells
Although the molecular mimicry hypothesis regarding the induction of AS by Klebsiella was proposed nearly three decades ago, the relationship between Klebsiella infection and ERS induction remains unknown. In addition to the roles of KP in pneumonia, urethral tract infection and bacteremia, KP is a major cause of liver abscess in patients with diabetes mellitus in Taiwan, and the CPS of KP plays the predominant role in the pathogenesis of this disease [18, 20] .
To determine whether the CPS of KP induces ERS, we extracted and purified the CPS from KP using 
Induction of ERS by Decapsulated Klebsiella pneumoniae in CA46 Cells
Due to the unresponsiveness of CA46 cells to the KP CPS (Fig. 1) , we assessed the effect of the remaining bacterial fraction on ERS induction. Tunicamycin, an (Fig. 4) . An increasing number of studies are providing insights into the origin of inflammation in AS patients. Pöllänen et al. [36] proposed that PAMPs released from bacteria localize to biofilms in urogenital organs and that DAMPs from damaged cells are transported through lymphatic vessels to the spine. They held the view that both PAMP and DAMP molecules might stimulate TLRs in mesenchymal stem cells to undergo ectopic enchondral bone formation and lead to the development of bamboo spine [36] . Our results indirectly support the hypothesis that TLR activation is essential in the pathogenesis of AS. A recent review article indicated that plasma cells not only produce antibodies but also release cytokines, including IL-35, IL-10, TNF-, GM-CSF, and IL-17. IgA-producing plasma cells also release iNOS, and the induction of UPR can prolong the lifespan of plasma cells [37] . In addition, CXCR4/CXCL12 chemotaxis guides the migration of activated B cell into bone marrow. Interestingly, XBP-1 deficiency might result in a loss of bone marrow colonization of B cells after activation through an ineffective response to to CXCL12 [38, 39] . Whether the stimulation of UPR is activated B lymphocytes by bacterial components results in bone marrow migration and spinal inflammation in patients with AS is an interested topic.
Importantly, immune cell stimulation due to TLR signaling is a not a KP-specific phenomenon. Why is Klebsiella spp. the major candidate microbe for the pathogenesis of AS? The oldest theory is based on the molecular mimicry of bacterial antigens, which is supported by data from clinical investigations [13, 40] . Our findings demonstrate that both TLR9 and MyD88 are important in ERS-related signaling, gene induction and HLA-B27 misfolding. However, additional research is necessary to determine whether ERS through TLR signaling activation aids KP antigen presentation by misfolded B27 heavy chains, and subsequently activates autoreactive T cells or NK cells.
Conclusions
Our study demonstrated that both ERS induction and HLA-B27 misfolding in B cells can be caused by the triggering of decapsulated KP. This study provides the first connection of the role of KP with a recent pathogenic hypothesis in AS. In addition, we found that activation of the TLR9/MyD88 signaling pathway is involved in KP-mediated ERS induction. These effects establish a potential role for autoreactive T cell or NK cell activations via structural changes in the HLA-B27 heavy chain or the expression of a different antigen profile on antigen-presenting cells. This finding also breaks down the long-existing stereotypical conceptions that suggest that TLR pathway is activated mainly to trigger the induction of an innate immune response and that the activation of B lymphocytes mainly leads to the generation of antibody-producing cells.
Recent medicines for AS treatment include NSAIDs (non-steroid anti-inflammatory drugs), biphosphates, disease-modifying antirheumatic drugs (DMARDs), thalidomide, and anti-TNF (tumor necrosis factor) antibodies. Most of these drugs reduce the inflammatory state or modulate autoimmune responses, but none interrupts the initial immune activation. Based on our findings, we conclude that suppressing the immune response using a TLR antagonist or replacing pathogenic KP by probiotics might be of therapeutic and/or prophylactic potential in AS, and we strongly advocate these treatment approaches.
